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^Abstract N 

Biofuels have been regaining popularity due to the rising price of oil, along with 
the growing concern about global warming caused by carbon dioxide emissions. 
Biofuels are processed from plant resources and are mostly made up of cellulose, 
which is one of the toughest materials. If cellulose can be turned into biofuel, it 
could be more efficient than other commercially available fuels starchy tuber. 
The of this study ison bioethanol production from starchy tuber. The comparative 
study was done between biological and chemical processes for the bioethanol 
production using Amorphophallus tubers. Amorphophallus commutatus species was 
selected because it shows higher starch content as per starch estimation. Tuber 
was collected in the lab and pretreatment was given; followed by slurry was 
prepared and hydrolyzed by using fungal culture Aspergillus and Trichoderma. 
Three different conditions were maintained as two samples contain both fungal 
cultures, and one was having normal pH and temperature, and other was at 
normal temperature having pH 6, and third having only Aspergillus species and 
normal temp and pH. Hydrolysis was done by saccharification method. After 
hydrolysis sample is filtered and all three samples allowsfor fermentation process 
by using yeast (Saccharomyces cerevisiae) process is carried out for 12 to 15 days 
after fermentation the fermented sample was distilled by Soxlet Extraction 
method and lastly the sample was estimated for alcohol estimation by using 
specific gravity method. Two samples showed 11% alcohol content and third one 
shows 12% content when compared with alcoholometry table. Antimicrobial 
activity was also studied by using three extracts such as before hydrolysis, after 
hydrolysis and after fermentation against four types of organism's two species 
Salmonella and S. aureus shows positive result whileE. coli and Serratiasp. showed 
negative result. Results indicate that chemical process more productive compared 
to biological process. However, biological process is eco-friendly. It is also cost- 
effective. It can be produced on large scale for production of bioethanol. 
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1. Introduction 

Fossi I fuel s are the major sources of energy, and they accou nt for about 80% of gl obal energy demand (Sharma 
et al2012). Si nee they arecharacterized with a lot of problems, which include non-renew ability, erratic prices, 
global warming, ecosystem imbalance, health hazards, and other environmental or agricultural effects like 
pollution and food shortage Therefore, thereis need for a renewable, healthier, moreenvironment-friendly, 
abundant or secure, and sustainable alternatives. Biofuels potentially provide these advantages and are 
increasing in global demand (Govindanetal., 2019). 

Ethanol is a fuel, a solvent, an antifreeze, and an organic feed stock in the chemical industry. It can be 
produced chemically from petroleum sourceorbiologirallyfromanyfermentablecarbohydrateby yeast Ethanol 
is a colorless liquid withthestructural formula CH 3 CH 2 OH, often abbreviated asC 2 H 5 OH. Also used as the 
typeof alcohol found in alcohol icbe/erages. Itismostlyused as a bi ofuel. I n common usage, it is often referred 
to si mply as alcohol or spi rits. Ethanol can be used as an alternati vefuel to gasol i ne (M ath et al., 2015). 

Bioethanol can be produced by fermentation fromsa/eral renewablesources, such as from potatoes and 
corn. (Ramarajaand U npaprom, 2019). Globally, there is a growing interest to produceecologically sustainable 
biofuels. Ethanol fermented from renewable sources for fuel or fuel additives are known as bioethanol. 
Additionally, the ethanol from biomass-based waste materials is considered as bioethanol. Currently, thereis 
agrowing interest for ecologically sustainable biofuels. Thetarget in theAsian countries is to increase bioenergy 
contributions in total energy consumption. In Europe bioethanol isalready used as additive in some gasoline 
products instead of toxic MTBE and TAM E. (H ussain et al., 2011). 

Economic factors weight heavily in choosing the method of ethanol production. When petroleum and 
natural gas pricesarelow, ethanol can beeconomically produced from petrochemical feed stocks; howa/er, 
when petrochemicals are selling at a premium price, microbial production of ethanol from corn, molasses, or 
other plant material becomes moreeconomical. When starch such as corn, and other compl ex carbohydrate are 
used as the raw material it isfi rst necessary to hyd rolyze them to si mplefermentabl e sugars. The hyd rolysi s 
can be accomplished with enzymefrom barley malt or molds or by heat treatment of acidified material. Corn, 
molasses, sugar beets, potatoes and grapes aresomeof the common raw materials employed throughoutthe 
world. Ethanol combustion produces lowered air population compared to gasoline combustion (Ramaraj et 
al., 2018). 

Theeconomics of ethanol production by fermentation is significantly influenced by thecostof raw material, 
which accounts for more than half of the production cost. Ethanol contai ns 35% oxygen, which results i n a 
compl etecombusti on of fuel and thus lowers the emission of harmful gases. Converting a renewable non-fossil 
carbon, such as organic wastes and biomass consisting of all growing organic matter (plants, grasses, fruit 
waste and algae) to fuel would assure a continual energy supply (Saha and Banerjee, 2013). 

Bioethanol as an alternativesourceof energy has received special attention world dueto depletion of fossi I 
fuels. Accord i ng to U nited States department of energy, for a/ery unit of energy put towards ethanol production 
1.3 units are returned (Hill et al., 2006). In India sugarcane molasses is the main raw material for ethanol 
production but now theshort supply and increased cost is the main hindrancefor its use. There are about 342 
distilleries in the country with an installed capacity over three bill ion I iters of ethanol annually (Narde, 2009). 

Crops I ike corn, barley, wheat, rice and tubers I ike potato, sweet potato and suran arethe major sources of 
starch. Potato shows 60%, sweet potato 70%, corn 56%, wheat 60% whileA morphophallus tuber 77.2%starch. 
(Kusmiyati et al., 2012). Thus, in present study suran (A morphophallus sp.) is used as source for ethanol 
production. A raceae are family of monocotyledonous flowering plants in which fl owers are borneto typeof 
inflorescence cal led spadix. It isusually called Arumfamily. It consists of 105 genera and 3,300speciesinthe 
world. 

A morphophallus commutatus (Araceae), is a rare herb. Which was further used for study. Aqueous and 
organic solvent extracts of the tubers were investigated for antibacterial activity properties by using disc 
diffusion method. Antimicrobial activity carried outagainstpathogenicstrainsofgram-negativebacteria(E. 
coli, Proteus vulgaris, Pseudomonas aeruginosa and Salmonella typhi).Thedifferentextractsdiffered significantly 
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in their antibacterial properties with the benzene extract being very effective followed by petroleum ether, 
chloroform and ethyl acetate extracts. Aqueous and methanol extracts (Bhuyar etal., 2019). 

A. commutatus is a wild herb which belongs to thefamily A raceae, mainly distributed in the tropical forest 
regions of peninsular India. Corns of this plant have been used by traditional healers for treating various 
ai I ments. Accord i ng to J ai n et al. (2005) tuber of the plant has been used as anti dote for snake bite. Pawra tri bes 
of N and urbar district of M aharashtra use the tuber paste of A. commutatus for curi ng scabies. A. commutatus is 
used by the tribal communities of Dang region of Rajasthan as cooling agent. Local communities of Kolhapur 
d i stri ct of M aharashtra used to havetuber of thi s pi ant sped es for pi I es and the water i n w hi ch tuber i s boi led 
is used for mouth diseases. A. commutatus var. wayanadensis, commonly known as'kattuchenna' is widely 
used among the tribal communitiesofWayanad districtfor piles. According to the tribal healersthecornsof 
the plant is a boon to the patients having piles. A. commutatus is a Red listed medicinal plant species with a 
vul nerablestatus globally. Asthe particular species of Amorphophallusisrareinoccurrenceand havepotential 
medicinal values, the pockets or zones rich in its occurrence should beconserved for future. Ethnobotanical 
knowledge on the traditional uses of A. commutatus var. wayanadensis was collected through structured 
interviewsoftheKurumaand Kurichar tribal communitiesofWayanad district of Kerala, India. The efforts in 
ourlabtoevaluatepharmacological potential to this wild medicinal plant havefound to be fruitful. Previous 
studies in our laboratory demonstrated potential antibacterial activity against pathogenic strains which 
validated the traditional claim of its use for microbial infections. 

2. M aterials and methods 

2.1. Col lection of plant material 

The plant materials (A. commutatus, Amorphophallus konkanensis, Amorphophallus bulbifer, Amorphophallus 
paeon ifoli us) are collected from Western Ghats, Amboli and nearby places and further processed for alcohol 
production followed by hydrolysis. 

2.2. Pretreatment of plant 

Pretreatment was done by dilutesulfuricacid and distilled water. The pretreated plantwasthen grinded in 
mixer and slurry was made with sterile distilled water by 1:2 proportions. This slurry was then used for 
further studies. 

2.3. Esti mation of starch by anthrone reagent 

0.5 gm of Amorphophallus tubers was homogenized in hot 80% ethanol to remove sugars. Residues were 
washed repeatedly with hot 80% ethanol. To the residues, 5 ml water and 6.5 ml 52%(HCI0 3 ) perchloric acid 
was added. Centrifuged and supernatant was taken. Extraction was repeated using fresh perchloric acid. 
Centri fuged and the su pernatant w as taken and make the vol u me 100 ml. P i pette out 0.1- or 0.2-ml su pernatant 
and makethevolumetolml by water. Preparestandard by taking 0.2,0.4and 1ml of working standard make 
thevolumelml in each tu be by D/ W. Add 4 ml anthrone reagent to each tube. Heat for 8 min in boi ling water 
bath. Cool rapidly and read intensity of green to dark green at 630 nm. 

2.4. Esti mation of reducing sugar 

100 mg tuber powder was weighed, 5 ml 80% ethanol was added twice, and supernatant was collected, 
evaporated it by keeping in water bath at 100°C. 10 ml water was added. Pipetteout0.5ml of extract in test 
tubes and equalized thevolumeby 0.5 ml water. 3 ml of DNSA reagent was added later. The contents were 
heated in boiling water bath for 10 min. cooled and O.D. was measured at540nm. Similarly run the series of 
standard using glucose(100 mg/ 100 ml). Finally, graph was plotted. 

2.5. Hydrolysis 

Hydrolysis of starch done by using saccharification method thepretreated slurry was taken in threedifferent 
flasks. Out of these, two flasks were inoculated with Aspergill us N iger and T richoderma species and other one 
wasonly with A spergi 11 us N iger. Outofthesethreeflasks,twoflaskswerekept at normal pH and other onewas 
adjusted to pH 6and all were incubated at room temperature. Hydrolysis was carried out for 12-14 days. 

2.6. Fermentation 

After saccharification process, theinoculums wereadded in the quantity of 1:2 concentrations in threedifferent 
flasks. It includes such as one flask which isadded by only yeast granules 6 gm and other two flasks were 
supplemented with N itrogen source by addition of yeast extract 2.5 gm each and yeast granules 6gm each. As 
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ethanol fermentation isan anaerobic process, it requires yeast Saccharomyces cerevisiae. So, for fermentation 
process, weused Saccharomyces cerevi siae. I nitial ly, i ncubation of 24 h i n aerobic conditions is favorable for the 
growth of yeast cells at room temperature. Then anaerobic conditions are provided to media for ethanol 
production. 

2.7. Distillation 

It was carried out in the laboratory by using soxhlet apparatus. Thesamplemixturewas centrifuged to separate 
thesolid debrisfromthesolvent mixture. Thesolvent mixture was then loaded into a distillation flask of the 
soxhl et apparatus. The temperature was set to 78 °C as the boi I i ng poi nt of ethanol i s 78 °C. Ethanol bei ng 
vol ati I e at thi s temperatu re evaporates and cond enses i nto the i n ner vessel of the soxhl et apparatus. 

2.8. Estimation of alcohol by specific gravity method 

A specific gravity bottle is taken and thoroughly cleaned with chronic acid. The bottle is then washed with 
water and repeatedly washed with distilled water. The bottleisthen dried by a current of hotair in the hot air 
oven. The stopper isalso washed and dried as above. The dried specific gravity bottle is Stoppard with the 
capillary stopper. The weight of the bottle is accurately determined using a weighing balance. The weight of 
thedried empty bottle is recorded aswlgm. Determination of weight or ai r free d i sti 11 ed water was done by 
fi 11 i ng the specific gravity bottlewith airfreedistilled water, uptotherim. Placethecapillary stopper carefully. 
Thespecific gravity bottlealong water isweighted accurately. Itsweightisrecorded as w2gm. The net of air 
freedistilled water iscalculated by the difference between w2 and wl, which gives the result. Determination of 
theweight of samplewas recorded by removing thedistilled water from thespecificgravity bottle. The bottle 
was rinsed with test sample. The specific gravity bottlealong thesampleis weighted accurately; theweight is 
recorded asw3gm. The net of thesample is calculated by thedifference between w3and wl. Determination of 
percentage of alcohol in thesamplewas carried out by thespecificgravity of thesample isfirst calculated by 
thegiven formulafrom apparent specific gravity .The percentageof alcohol in testsampleisdetermined by the 
ready reference table for alcohol ometry (Math et al., 2015). This gives the percentage by volume of alcohol 
correspond i ng to the apparent specif i c gravity of sample at various temperatu res. 

2.9. Antimicrobial activity 

Agar plates were spread by four different bacterial cultures (E. coli; Salmonella; S.aureus; and Serriti asp.). Three 
wells were prepared by cork borer in which threedifferentextractswereadded lOOpi; after the incubation of 
24 h zoneof inhibition was observed. 

3. Results and discussion 

3.1. Esti mation of starch and sugar 

Starch estimation from above four samples of A morphophall us species was done by using anthrone reagent. As 
shown in Figure 1A morphophall us commutatus showed highest starch concentration that was 0.19 mg/ ml, so 
it is further used for ethanol fermentation. 

Sugar and starch esti mation is done by DNSA and anthrone method respectively. Result observed which 
showed that before hyd rolyses starch concentrati on was 75 pg/ ml, i .e.; but after hyd rolyses it decreased to 
51 pg/ ml as shown in Figure! As per oppositedirection sugar concentration was increased up to 0.63 mg/ ml 
after hyd rolyses to the concentrati on which was observed before hyd rolyses 0.36 mg/ ml as shown in Figure! 

3.2. Antimicrobial Activity 

Simultaneously antimicrobial activity was carried using three different extract such as before hydrolysis, after 
hyd rol ysi s and after fermentati on extracts usi ng fou r d ifferent pathogens such as E .coli; Salmonella; S.aureus; 
Serratiaand result observed (Figure4A and 4B) were that Salmonel la and S. aureus showed positive result while 
E.coli and Serriti a sp. showed negative result as shown in Table! 

3.3. Fermentation 

Three different sample conditions were maintained as follows sample 1 was maintained to pH 6.0 and 
supplemented with Nitrogen source. Sample 2 was maintained to normal temperature and pH also 
supplemented with N itrogen source Sample3 was not supplemented with nitrogen source. After hydrolyses 
fermentation was performed for alcohol production and alcohol concentration was estimated by specific 
gravity method. Result observed were sample land 2supplemented N itrogen source are having ll%alcohol 
concentration and 12% concentration which is having without Nitrogen source respectively as shown in 
Figure! 
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Figure 1: Estimation of strach in Amorphophallus species 



Figure 2: Amorphophallus commutatus tuber 
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Figure 3: Estimation of sugar in Amorphophallus commutatus tuber 
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Note: Mean ±SE with similar superscripts (a, b) in the same row differ significantly at P <0.001. Significant at ^*P <0.001. 
Figures in parentheses represent number of cells observed in each case. 


Figure 4A: Antimicrobial activity of tuber extracts against S.aureus Figure - 4B: Antimicrobial activity of 
tuber against Salmonella 
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Figure 5: Percentage of alcohol produced from Amorphophallus commutatus after fermentation 


Calculation: 

W 1 = 24.340, W 2 = 51.350, W 3 = 50.830/ 50.840/ 
50.820 

Weight of water (W 2 -W 3 ) =26.49/ 26.50/ 26.48 
Weight of sample(W 3 -W 2 ) =27.01/ 27.01/ 27.01 
Specific gravity of sample=(Weight of sample x 
Density of water i n RT)/ Weight of water 

(W 3 -W 1 )x0.9944/ (W 2 -Wj) = 0.9752/ 0.9752/ 
0.9748 

11% alcohol estimated in Samples 1 and 2; and 
12% alcohol in Sample 3 were taken from Inter¬ 
national alcoholometry table. 



Table 1: Antimicrobial activity test 

of tuber extracts against clinical pathogens 

1. 

E.coli 

- 

2. 

Salmonella 

++ 

3. 

S. aureus 

+ 

4. 

Serratia 

- 

Note: No Activity; '+' Low Activity; 

and '++' Medium Activity. 




















Prakash Bhuyar et al. / Afr.J.Bio.Sc. 2(2) (2020) 70-76 


Page 76 of 76 


4. Conclusion 

A morphophal I us commutatus was selected for fermentation dueto higher starch content as per starch estimation. 
Tuber was collected in the lab pretreatment was given; slurry was prepared and hydrolyzed by using fungal 
culture Aspergillus and T richoderma ; Three conditions were maintained two samples contain both fungal 
cultures and one was having normal pH and temperatureand other was at normal temperature having pH 6 
and third having onlyAspergillusspecies and normal temp and pH. Hydrolysiswasdone by saccharification 
method. After hydrolysis sample is filtered and all three samples allows for fermentation process by using 
Saccharomyces cerevisi ae process iscarri edoutfor 12 to 15 days after fermentation the sample was distil led by 
Soxlet Extraction method and lastly the samplewas estimated for alcohol estimation by specific activity method. 
Two samples got 11% alcohol content and third one shows 12% content. Antimicrobial activity was also 
studied by usingthreeextratssuch as before hydrolysis, after hydrolysis and after fermentation againstfour 
types of organisms two species Salmonella and S. aureus shows positive result while E.coli and Serritia sp. 
showed negative result. 
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